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Abstract 
The constructed/artificial wetland system is a new sewage technique with low cost and less energy consumption for 
removal of nitrogen and phosphorus in wastewater, and the wetland plants have the important functions in the system. 
In wastewater purification, plants can absorb and utilize the nutrients (nitrogen and phosphorus) directly, and enhance 
nutrient transformation processes such as nitrification, denitrification, adsorption and desorption. In this study, a 
series of experiments for investigating the kinetics of ammonium, nitrate and phosphate uptake by 8 candidate 
wetland plants, such as Carex taliensis Franch, Dracaena sanderiana Virens, Impatiens balsamina, rush (Juncus 
effusus L.), mulberry (Morus indica L.), wetland rice (Oriza Sativa L.), Salvia plebeia R. Br., and Sesbania 
cannabina Poir, were carried out under controlled conditions (temperature 25-28 , illumination 3000Lux, relative ć
humidity 60-70%). The results indicated that the kinetic characteristics of ammonium, nitrate and phosphate uptake 
by the selected plants could be well illustrated with the Michaelis-Menten equation, and the kinetic parameters 
(maximum rate and Km value of absorption) could also be calculated using the regression equations. The orders of 
maximum uptake rate were as follows: Morus indica L. > Carex taliensis Franch > Oriza Sativa L. > Impatiens 
balsamina > Juncus effusus L. > Sesbania cannabina Poir > Salvia plebeia R. Br. > Dracaena sanderiana for 
ammonium; Carex taliensis Franch > Oriza Sativa L. > Sesbania cannabina Poir > Juncus effusus L. > Impatiens 
balsamina > Morus indica L. > Salvia plebeia R. Br. > Dracaena sanderiana for nitrate; Oriza Sativa L. > Juncus 
effusus L. > Salvia plebeia R. Br. > Dracaena sanderiana > Impatiens balsamina > Morus indica L. Sesbania 
cannabina Poir > Carex taliensis Franch for phosphate. Sesbania cannabina Poir., Dracaena sanderiana Virens and 
Salvia plebeia R. Br. had the smallest Km value for ammonium uptake, and Impatiens balsamina, Dracaena 
sanderiana Virens and Salvia plebeia R. Br. had the smallest Km value for nitrate uptake, Sesbania cannabina Poir., 
mulberry and Dracaena sanderiana Virens had the smallest Km value for phosphate uptake. According to the kinetic 
characteristics of N and P uptake, we suggested that plant species with higher maximum uptake rates could be used in 
the first section for cleaning up wastewater with high nutrient concentrations, and plant species with lower Km values 
could be used in subsequent sections for cleaning up wastewater with lower nutrient concentrations. 
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ĉ.Introduction 
During the last few decades, constructed wetlands (CW) have been very successful when used for 
artificial treatment of wastewater and low-quality water from different sources [1-7]. This new approach 
is based on natural processes for the removal of different pollutants with the aid of plants [8-11]. 
Wetlands are now being constructed worldwide, designed especially for wastewater treatment at 
secondary and tertiary levels [12-20]. The constructed wetlands offer a cost-effective alternative to 
conventional wastewater treatment, particularly for developing countries [7, 21]. Nutrient transformation 
is one of the major wetland functions, which improves the quality of wastewater. Plants play significant 
roles in the wetland treatment processes, by introducing oxygen gas to the rhizome system, serving as the 
substrate for microbial biofilms and taking up nutrients [22-26]. Nutrient uptake kinetics of cultivated 
plants had been well investigated in the context of fertilizer management in agricultural and forestry 
production [27-34]. However, little information has been reported on the kinetics of nutrient (especially 
ammonium, nitrate and phosphate) uptake by wetland plants. The objective of the reported work was to 
define ammonium, nitrate and phosphate uptake parameters for important candidate wetland plants under 
nutrient solution conditions. And the differences in nutrient removal potentials of the test plants were also 
discussed. 
2 .Materials and Methods 
The initial seedlings of eight candidate wetland plants were prepared as follows. For Impatiens 
balsamina, mulberry (Morus indica L.), wetland rice (Oriza Sativa L.), Salvia plebeia R. Br., and 
Sesbania cannabina Poir, seeds of each plant were germinated in the dark at 25  on moistened filter ć
paper for 2 days. The germinated seeds were sowed on quartz sand with 0.1-strength complete nutrient 
solution described below, and grew into younger seedlings under greenhouse conditions for 2 weeks. For 
Carex taliensis Franch and rush (Juncus effusus L.), younger seedlings were collected from natural 
wetland. After removing the older roots, the seedlings were re-rooted in 0.1-strength complete nutrient 
solution under greenhouse conditions for 2 weeks. For Dracaena sanderiana Virens, shoot cuttings were 
taken from greenhouse-grown plants, and rooted under greenhouse conditions for 2 weeks. Nutrient 
solution pH was adjusted daily to 5.5 with 0.1 mol L-1 HCl or 0.1 mol L-1 NaOH, and nutrient solution 
was replaced every other day. The complete nutrient solution contained the following nutrient 
concentrations (mg L-1): NH4NO3 114.3, NaH2PO4·2H2O 50.4, K2SO4 89.8, CaCl2 110.8, MgSO4·7H2O 
405.0, MnCl2·4H2O 1.875, H3BO3 1.1675, ZnSO4·7H2O 0.04375, (NH4)6Mo7O24·4H2O 0.0925, 
CuSO4·5H2O 0.03875, FeCl3·6H2O 9.625, citric acid 14.875. 
After preparing the initial seedlings, younger seedlings of the eight plant species were transferred to 
complete nutrient solution, and grown under greenhouse conditions for another 2 weeks. Nutrient solution 
pH was adjusted daily to 5.5 with 0.1 mol L-1 HCl or 0.1 mol L-1 NaOH, and nutrient solution was 
replaced every other day. 
Before uptake experiments, uniform seedlings of test plants were selected and placed in beakers with 
100 ml of 0.1 mmol L-1 CaSO4 for 24 h. Uptake experiments were initiated by placing 3 seedlings (for 
Carex taliensis Franch, Dracaena sanderiana Virens, Morus indica L. and Sesbania cannabina Poir) or 5 
seedlings (for Juncus effusus L., Impatiens balsamina, Oriza Sativa L. and Salvia plebeia R. Br.) into 
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500-ml beakers with 100 ml nutrient solution containing 0.1 mmol L-1 CaSO4 and a range of NH4+ 
concentrations (0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0 mmol L-1 as NH4Cl) or a range of NO3- concentrations (0.5, 
1.0, 1.5, 2.0, 3.0, 4.0, 5.0 mmol L-1 as KNO3) or a range of PO43- (0.01, 0.02, 0.05, 0.10, 0.20, 0.30, 0.40 
mmol L-1 as KH2PO4). Each concentration was replicated three times. The uptake experiment prolonged 
for 4 hours under controlled conditions as 25-28  temperature, 3000 Lux of illumination and 60ć -70% 
relative humidity. The residual ammonium, nitrate and phosphate in the external solution were 
determined, and the uptake of ammonium, nitrate and phosphate were calculated. Ammonium 
concentration was measured using the micro-Kjeldahl distillation method [35], nitrate concentration was 
measured using the salicylic acid method [36], and phosphate concentration was measured using the 
molybdate-ascorbic acid method [35]. After uptake, the root fresh weights were also recorded. Uptake 
rate was expressed as mmol kg-1 FW h-1. 
The regressive relationship between uptake rate and ammonium, nitrate or phosphate concentration 
in the external solution was illustrated with the Michaelis-Menten equation as following 
 I = Imax * C / (Km + C) 
Where I is uptake rate. Imax is the maximum uptake rate. Km is the half saturation constant (Michaelis 
Menten contant). C is ion concentration in solution. 
3.Results and Discussion 
The relationship between ion uptake rate by candidate wetland plants and ammonium, nitrate or 
phosphate concentration in external solution was shown in Figure 1. Ammonium, nitrate and phosphate 
uptake rates increased with increasing ammonium, nitrate or phosphate concentration in the external 
solution, and trended to the saturation mostly in the range of nutrient concentrations used in this study. 
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Figure 1: Ammonium, nitrate and phosphate uptake rate by candidate wetland plants as a function of 
ammonium concentration in external solution. Plant1 to Plant8 means as Carex taliensis Franch, 
Dracaena sanderiana Virens, Impatiens balsamina, Juncus effusus L., Morus indica L., Oriza Sativa L., 
Salvia plebeia R. Br. and Sesbania cannabina Poir in order. 
 
With regression analysis, it was found that the kinetic characteristics of ammonium, nitrate and 
phosphate uptake by the test plants could be illustrated with Michaelis-Menten equation at the significant 
level of 1% (p<0.01). Using the regression equation, the maximum rate (Imax) and the half saturation 
constant (Km) of ammonium, nitrate or phosphate uptake could be estimated. The kinetic parameters for 
ammonium, nitrate and phosphate uptake were presented in Table 1, Table 2, and Table 3, respectively. 
 
Table 1: Kinetic parameters of ammonium uptake by test plants 
Wetland plant 
Michaelis-Menten 
equation 
r (n=7)
Imax 
[mmol kg-1 FW h-1] 
Km 
[mmol L-1]
Carex taliensis Franch I=27.17C/(30.17+C) 0.995** 27.17 30.17 
Dracaena sanderiana I=3.57C/(1.14+C) 0.981** 3.57 1.14 
Impatiens balsamina I=14.60C/(5.83+C) 0.986** 14.60 5.83 
Juncus effusus L. I=14.25C/(8.03+C) 0.984** 14.25 8.03 
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Morus indica L. I=68.97C/(36.17+C) 0.989** 68.97 36.17 
Oriza Sativa L. I=19.16C/(7.89+C) 0.982** 19.16 7.89 
Salvia plebeia R. Br. I=6.29C/(2.37+C) 0.987** 6.29 2.37 
Sesbania cannabina Poir I=7.48C/(1.51+C) 0.990** 7.48 1.51 
** Represents that the regressive relationship is significant at the level of 1%. 
 
Table 2: Kinetic parameters of nitrate uptake by test plants 
Wetland plant 
Michaelis-Menten 
equation 
r (n=7)
Imax 
[mmol kg-1 FW h-1] 
Km 
[mmol L-1]
Carex taliensis Franch I=28.57C/(44.32+C) 0.997** 28.57 44.32 
Dracaena sanderiana  I=3.79C/(1.62+C) 0.984** 3.79 1.62 
Impatiens balsamina  I=5.74C/(1.26+C) 0.988** 5.74 1.26 
Juncus effusus L. I=18.76C/(10.69+C) 0.996** 18.76 10.69 
Morus indica L. I=4.66C/(3.47+C) 0.996** 4.66 3.47 
Oriza Sativa L. I=23.92C/(7.88+C) 0.971** 23.92 7.88 
Salvia plebeia R. Br. I=4.32C/(1.46+C) 0.982** 4.32 1.46 
Sesbania cannabina Poir I=23.36C/(5.36+C) 0.982** 23.36 5.36 
** Represents that the regressive relationship is significant at the level of 1%. 
 
Table 3: Kinetic parameters of phosphate uptake by test plants 
Wetland plant 
Michaelis-Menten 
equation 
r (n=7)
Imax 
[mmol kg-1 FW h-1] 
Km 
[mmol L-1]
Carex taliensis Franch I=0.164C/(0.104+C) 0.995** 0.164 0.104 
Dracaena sanderiana  I=0.419C/(0.048+C) 0.984** 0.419 0.048 
Impatiens balsamina  I=0.382C/(0.176+C) 0.984** 0.382 0.176 
Juncus effusus L. I=1.666C/(0.599+C) 0.993** 1.666 0.599 
Morus indica L. I=0.378C/(0.023+C) 0.995** 0.378 0.023 
Oriza Sativa L. I=2.058C/(0.178+C) 0.999** 2.058 0.178 
Salvia plebeia R. Br. I=0.889C/(0.708+C) 0.998** 0.889 0.708 
Sesbania cannabina Poir I=0.334C/(0.041+C) 0.984** 0.334 0.041 
** Represents that the regressive relationship is significant at the level of 1%. 
For ammonium uptake, the maximum rate (Imax) ranged from 3.57 to 68.97 mmol kg-1 FW h-1 with a 
order as Morus indica L. > Carex taliensis Franch > Oriza Sativa L. > Impatiens balsamina > Juncus 
effusus L. > Sesbania cannabina Poir > Salvia plebeia R. Br. > Dracaena sanderiana, and the half 
saturation constant (Km) ranged from 1.14 to 36.17 mmol L-1 with a order as Morus indica L. > Carex 
taliensis Franch > Juncus effusus L. > Oriza Sativa L. > Impatiens balsamina > Salvia plebeia R. Br. > 
Sesbania cannabina Poir > Dracaena sanderiana. 
For nitrate uptake, the maximum rate (Imax) ranged from 3.79 to 28.57 mmol kg-1 FW h-1 with a order 
as Carex taliensis Franch > Oriza Sativa L. > Sesbania cannabina Poir > Juncus effusus L. > Impatiens 
balsamina > Morus indica L. > Salvia plebeia R. Br. > Dracaena sanderiana, and the half saturation 
constant (Km) ranged from 1.26 to 44.32 mmol L-1 with a order as Carex taliensis Franch > Juncus 
effusus L. > Oriza Sativa L. > Sesbania cannabina Poir > Morus indica L. > Dracaena sanderiana > 
Salvia plebeia R. Br. > Impatiens balsamina. 
For phosphate uptake, the maximum rate (Imax) ranged from 0.164 to 2.058 mmol kg-1 FW h-1 with a 
order as Oriza Sativa L. > Juncus effusus L. > Salvia plebeia R. Br. > Dracaena sanderiana > Impatiens 
balsamina > Morus indica L. > Sesbania cannabina Poir > Carex taliensis Franch, and the half saturation 
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constant (Km) ranged from 0.023 to 0.708 mmol L-1 with a order as Salvia plebeia R. Br. > Juncus 
effusus L. > Oriza Sativa L. > Impatiens balsamina > Carex taliensis Franch > Dracaena sanderiana > 
Sesbania cannabina Poir > Morus indica L. 
    Plants or crops with a high capacity for nutrient uptake (high maximum uptake rate, Imax) are 
considered adapted to nutrient rich conditions, and those with a high affinity for nutrient uptake (low half 
saturation constant, Km) are considered adapted to nutrient limited conditions [37]. The results of this 
study indicated that Morus indica L. and Carex taliensis Franch had higher ammonium uptake rates, and 
could be used for the treatment of the wastewater containing high ammonium such as the effluents from 
anaerobically- treated domestic wastewater. Carex taliensis Franch also had higher nitrate uptake rate, 
and could be used for the treatment of the wastewater containing high nitrate such as the effluents from 
the wastewater pre-treated with oxidized ponds. Oriza Sativa L. and Juncus effusus L. had high phosphate 
uptake rates, and could be used for the treatment of effluents containing high phosphate. 
Conclusions 
In summary, the kinetics of ammonium, nitrate and phosphate uptake by candidate wetland plants 
under hydroponic conditions can be well characterized with the Michaelis-Menten equation. Variation in 
the maximum rates (Imax) and the half saturation constants (Km) for ammonium, nitrate or phosphate 
uptake by candidate wetland plants were identified, which can be used for selecting efficient plants to 
treat effluent with different pollutants (ammonium, nitrate or phosphate). Furthermore, plant species with 
higher maximum uptake rates could be used in the first section for cleaning up wastewater with high 
nutrient concentrations, and plant species with lower Km values could be used in the subsequent sections 
for cleaning up wastewater with lower nutrient concentrations. 
Acknowledgments 
This study was granted by the National Major Science and Technology Project (2008ZX07101-006), 
Zhejiang Provincial Natural Science Foundation of China (R307153) and the Hi-Tech Research and 
Development Program of China (2003AA601020).*Wuzhong Ni is corresponding author . 
1860   Fang Yao et al. /  Procedia Environmental Sciences  10 ( 2011 )  1854 – 1861 
References 
[1] V. Sawaittayothin, and C. Polprasert: Environmental Technology, Vol. 27 (2006) No.12, p.1303. 
[2] M. Borin, and D. Tocchetto: Science of the Total Environment, Vol. 380 (2007) No.1-3, p.38. 
[3] R.Y. Wang, N. Korboulewsky, P. Prudent, V. Baldy, and G. Bonin: Ecological Engineering, Vol. 35 (2009) No.2, p.230. 
[4] P.F. Cooper, W. McBarnet, D. O’Donnell, A. McMahon, L. Houston, and M. Brian: Water Science and Technology, Vol. 
61 (2010) No.2, p.355. 
[5] F.E. Matheson, and J.P. Sukias: Ecological. Engineering, Vol. 36 (2010) No.10, p.1260. 
[6] M. Scholz, and A. Hedmark: Water, Air and Soil Pollution, Vol. 205 (2010) No.1-4, p.323. 
[7] J. Vymazal: Environmental Science & Technology, Vol. 45 (2011) No.1, p.61. 
[8] M.A. Maine, N. Sune, H. Hadad, G. Sanchez, and C. Bonetto: Chemosphere, Vol. 68 (2007), No. 6, p.1105. 
[9] Valipour, V.K. Raman, and V.S. Ghole: Ecological Engineering, Vol. 35 (2009) No.12, p.1797. 
[10] T.Y. Yeh, and C.H. Wu: Water Science and Technology, Vol.59 (2009) No.2, p.233. 
[11] N.B. Chang, Z.M. Xuan, A. Daranpob, and M. Wanielista: Environmental Engineering Science, Vol. 28 (2011) No.1, 
p.11. 
[12] J.T.A. Verhoeven, and A.F.M. Meuleman: Ecological Engineering, Vol. 12 (1999) No.1-2, p.5.  
[13] J. Coleman, K. Hench, K. Garbutt, A. Sexstone, G. Bissonnette, and J. Skousen: Water, Air and Soil Pollution, Vol. 128 
(2001) No.3-4, p.283. 
[14] M. Nelson, H.T. Odum, M.T. Brown, and A. Alling: Advanced Space Research, Vol. 27 (2001) No.9, p.1547. 
[15] R.B.E. Shutes: Environment International, Vol. 26 (2001) No.5-6, p.441. 
[16] J. Vymazal: Ecological Engineering, Vol. 18 (2002) No.5, p.633. 
[17] M.E. Kaseva: Water Research, Vol. 38 (2004) No.3, p.681. 
[18] D.E. Line, G.D. Jennings, M.B. Shaffer, J. Calabria, and W.F. Hunt, Transactions of the ASABE, Vol. 51 (2008) No.2, 
p.521. 
[19] R.Y. Wang, N. Korboulewsky, P. Prudent, M. Domeizel, C. Rolando, and G. Bonin: Bioresource Technology, Vol. 101 
(2010) No.1, p.51. 
[20] D.G. Kim, J. Park, D. Lee, and H. Kang: Water, Air and Soil Pollution, Vol. 214 (2011) No.1-4, p.37. 
[21] M.L. Solano, P. Soriano, and M.P. Ciria: Biosystems Engineering, Vol. 87 (2004) No.1, p.109. 
[22] S.B. Peterson, and J.M. Teal: Ecological. Engineering, Vol. 6 (1996) No.1-3, p.137. 
[23] A.D. Karathanasis, C.L. Potter, and M.S. Coyne: Ecological. Engineering, Vol. 20 (2003) No.2, p.157. 
[24] U. Stottmeister, A. Wießner, P. Kuschk, U. Kappelmeyer, M. Kästner, O. Bederski, R.A. Müller, and H. Moormann: 
Biotechnology Advances, Vol. 22 (2003) No.1-2, p.93. 
[25] N. Silvan, H. Vasander, and J. Laine: Plant and Soil, Vol. 258 (2004) No.1, p.179. 
[26] N. Gottschall, C. Boutin, A. Crolla, C. Kinsley, and P. Champagne: Ecological. Engineering, Vol. 29 (2007) No.2, p.154. 
[27] H. Bassirirad: New Phytologist, Vol. 147 (2000) No.1, p.155. 
[28] J.M. Kelly, W.R. Graves, and A. Aiello: Plant and Soil, Vol. 221 (2000) No.2, p.221. 
[29] K.K. van Tichelen, and J.V. Colpaet: Physiologia Plantarum, Vol. 110 (2000) No.1, p.96. 
[30] A.B. Anti, J. Mortatti, P.C.O. Trivelin, and J.A. Bendassolli: Journal of Plant Nutrition, Vol. 24 (2001) No.11, p.1695-
1710. 
[31] J.M. Kelly, and J.K. Kelly: Forest Science, Vol. 47 (2001) No.3, p.397. 
[32] G.J.D. Kirk: Plant and Soil, Vol. 232 (2001) No.1-2, p.129. 
[33] J. Gräfe, and R.O. Kuchenbuch: Journal of Plant Nutrition and Soil Science, Vol. 165 (2002) No.6, p.719. 
[34] P.S. Bhadoria, H.E. Dessougi, H. Liebersbach, and N. Claassen: Plant and Soil, Vol. 262 (2004) No.1-2, p.327. 
[35] K. Mengel, and E.A. Kirkby: Principles of Plant Nutrition. International Potash Institute, Bern. (1987). 
[36] Committee of Agrochemistry, Soil Science Society of China: Routine Analytic Methods of Soil and Agrochemistry (in 
Chinese), Science Press, Beijing, China, (1983). 
1861 Fang Yao et al. /  Procedia Environmental Sciences  10 ( 2011 )  1854 – 1861 
[37] D.A. Cataldo, M. Haroon, L.E. Schrader, and V.L. Young: Communications in Soil Science and Plant Analysis, Vol. 6 
(1975) No.1, p.71. 
 
